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What is Our Goal?

+ Comprehensive Water Quality Data
+ Improved / more technology
+ More Data
+ Higher frequency data collection

+  Water Quality Awareness
+ Are conditions improving or degrading?
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Options for Better Awareness

+ Watershed Models
+ Scale and detalil
+ Minimal disaggregation
+ Assumptions and lumped parameters
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+ Continuous Monitoring
+ Potential real-time parameter fluctuations
+ Sensors for priority pollutants

+ Middle Ground- Regression

+  What we know correlated with what we e |
don’t know enough about %0‘;: '
Fewer assumptions ‘-‘;Of’é i
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Don’t Be Fooled

+ Regression does NOT replace
traditional sampling methods ENTIRELY

+ Regression Accuracy
+ Is not equal to laboratory accuracy, but...

+ Projected loads estimates are likely
better, given the frequency of data
collection

+ Regression is not inexpensive
+ Laboratory costs can be cost prohibitive

+ You need
+ Time / patience
+ Necessity
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Then Why Regression

+ Higher Frequency = More Detall

+ More Detail = More comprehensive analysis
+  Spatial: Where is the problem?
+ Temporal: When does the problem occur?
+ Hydrologic: Is stormwater runoff a problem?

+ Traditional Methods ALONE can generate more questions than

answers
+ What happened when you were not collecting samples?
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Regression Analysis

+  Six continuous monitoring stations
+ In series along the same river
+ YSI Multi-parameter sondes
+ Trend and hot spot analysis
+ Total phosphorus regression

+ Two years of data collection
+ Sample n varied at all 6 sites

+ 1 year of validation...so far

+  Work in progress
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Regression Analysis

+ Sonde data as surrogates

<ollection Time Sonde Sonde Sonde Sonde Sond_e Total Phosphorus
. . Dissolved Oxygen (field)| pH | Specific Conductance at 25 C | Temperature | Turbidity P
+ Tu rbld I ty 12/8/2008 10:30 11.09 713 264 48 11.09 0.07
4/23/2009 1045 9.76 6.62 193 53.88 6.1 0.05
5/21/2009 10:30 849 6.92 240 65.7 44 0.1
£ M M 9/18/2009 8:30 712 6.88 63 70.87 198.7 0.24
SpeC|f|C Conduct|V|ty 9/18/2009 11:15 7.28 5.98 92 71.33 1843 0.33
10/12/2009 9:15 8.34 737 195 67.35 44 0.09
10/12/2009 10:15 843 734 183 66.7 15 0.14
+ Te m pe ratu re 10M12/2009 11:15 8.64 7.26 126 65.14 714 0.27
10/12/2009 13:00 8.74 71 79 64.01 177 0.22
10/12/2009 14:15 8.84 713 73 63.91 92 0.27
+ H 12/2/2009 9:45 10.53 7.06 124 49.18 134.4 0.14
p 12/2/2008 11:15 10.69 7.02 105 48.88 109.9 024
12/2/2008 13:30 10.99 7.01 78 48.17 168.5 0.3
. 12/3/2009 8:15 1042 6.81 70 50.87 94.3 0.18
+ D I SS O Ive d Oxyg e n 12/3/2009 1345 10.07 6.79 76 52.23 69.4 0.22
5/3/2010 13:30 78 6.98 69 69.35 94 0.2
5/3/2010 15:45 7.88 7.01 69 69.02 81.7 0.23
5/4/2010 9:00 8.36 715 158 67.38 249 0.12

+ Paired Samples used to develop regression
equations
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Methods

+ Best Fit Plots, ANOVA Statistics, Residuals
+ Is there a linear relationship

+ Simple and Multiple Linear Regression

+ Evaluated using Predicted Residual Sum of Squares (PRESS)
statistic and RMSE.

+ This is not data fitting 045
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Methods

+ Site Specific Equations

+ We considered watershed scale as well as upstream and
downstream of a major continuous point source

+ Site specific statistically more significant as a result of many inputs
between sites

+ Storm vs. Baseflow Equations

+ Equations specific to the conditions that were monitored during the
regression development process

+ Not necessarily intended to detect all sources, e.g. SSOs
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Methods

+ Choosing surrogates
+ We let data decide

+  Turbidity and SC were best
+ Why not flowrate as a surrogate? Will include in updates

+ Continued work might include characteristic variables, essentially
establishing two relationships using one equation
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Results of Regression Analysis

+ 6 site-specific equations
+ PRESS statistic used to select site-specific equation
+ Single and Multiple Linear equations

Site Regression Equation n PRESS RMSE R2 Adjusted R2 F
Site #1 0.553 + 0.073*log(turb) - 0.309*log(SC) 25 0.060 0.043 0.77 0.75 38
Site #2 0.168 -0.001*SC + 0.001*Turb 25 0.041 0.043 0.87 0.86 73
Site #3 0.107 + 0.001*turb 26 0.074 0.049 0.63 0.61 40.0
Site #4 0.077 + 0.002%turb 20 0.044 0.039 0.86 0.85 107
Site #5 0.110 + 0.001*turb 21 0.045 0.053 0.78 0.77 66
Site #6 -0.207 + 0.110%logturb + 0.095*logSC 19 0.040 0.041 0.39 0.31 5.1

\AS

——




Site #1
Rank 25 Eqn81 z=a+binx+ciny
#2=0.77395315 DF Adj r*2=0.74166074 FitSWEn=0.044417755 Fsiat=37.662478
2=0.55281646 b=-0. 13437831
c=0.031834204

Site #2
Rank 11 Egn | =a+bwtcy
rZ=0.06906416 DF Adj r'2=0.8503819 FitStdEm=0.039311627 Fstat=72.023445
=0 16302374 b=-0.0014324338
©=0,001006012
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Regression Validation Results
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Application of Regression Equations

Net TP Load Distribution by Site = Site 1
(%) .

W Site 2

10% m Site 3

Watershed Areas (square miles):

M Site 4

' S
25%

Site 1- 31.5

Site 2- 16.8

Site 3- 13.7 3%
Site 4- 23.9
Site 5- 23.3
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Conclusions

+ Identify the problem...then address the problem
+ Study results are encouraging

+ Enhancements to existing regression equations
+ Flow as surrogate
+ Characteristic variable
+ Antecedent moisture condition

+ The goal is to get “it” right
+ Appropriate management of our financial resources can lead to
saving or improving our natural resources.
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